Background THA performed in patients with cognitive deficits or neuromuscular diseases has been associated with a high postoperative dislocation rate. The constrained liner reportedly provides stability in patients with recurrent dislocation. However, achieving stability could be offset by early loosening when used in patients with neurologic diseases. Questions/purposes We therefore asked whether constrained liners had a higher risk of loosening when used in primary THA for patients with neurologic diseases. Methods We retrospectively reviewed a 144 patients (164 hips) with neuromuscular disease who had a constrained polyethylene insert from 1999 to 2004 and compared them to another 120 patients (132 hips) with neuromuscular disease operated on immediately before this period (from 1994 to 1998) who had a conventional polyethylene insert. Results Thirty-three (25%) of the 132 hips without a constrained liner were known to have had at least one dislocation and 21 had revision for recurrent dislocation. Ten other hips had revision for loosening of the cup. The survival rate was 82% at 5 years and 77% at 10 years with revision due to recurrent dislocation or loosening of the cup as the endpoint. With a constrained liner, at minimum 5-year followup (mean, 7 years; range, 5-10 years), the incidence of complications, particularly dislocation, was decreased (three dislocations among 164 hips; 2%), with one revision for recurrent dislocation and one revision for loosening. Conclusions This constrained acetabular component provides durable protection against dislocation without substantial increased loosening at midterm followup.
Introduction
THA relieves pain and reduces disability in patients with hip disorders. However, conventional THA performed in patients with cognitive deficits or neuromuscular diseases (NMDs) has been associated with high postoperative dislocation rates from 5% to 20% according to the neurologic disease [10, 16, 26] . These neuromuscular conditions can be divided into three categories: those with decreased muscle tone (eg, poliomyelitis, Down syndrome, and myelomeningocele); those with increased muscle tone as well as contractures or movement disorders (eg, cerebral palsy, Parkinson's disease, stroke); and those not associated with change in muscle tone (eg, dementia, confusion, psychoses corresponding to cognitively impaired patients). Patients who are cognitively impaired or have NMD may need a THA for four general reasons: a disease process (eg, cerebral palsy) leading to dysplasia or subluxation resulting in degenerative joint disease; a degenerative joint disease independent of the neurologic condition (eg, Parkinson's disease); a fracture associated with a neurologic condition such as stroke or Parkinson's disease; or osteonecrosis related to corticosteroids.
Historically, braces and hip spica casts [15, 40] were utilized postoperatively or after dislocation, but they are not well tolerated in this population. One case report [6] has described the use of constrained liners in a patient with NMD. Most constrained liners are associated with an increased risk of loosening from 4% to 9% with a mean followup of 5 years according to the liner [42] and the risk of loosening with a standard liner is also increased in some neurologic diseases (e.g., Parkinson's disease) from 3% to 4% with a mean followup of 5 years [10, 35] . Thus, achieving stability with a constrained cup could be at the cost of early loosening of the component. Whether these findings apply to patients with neurologically or cognitively impaired patients is unclear.
Therefore, we compared patients with cognitive impairment or NMD with and without constrained liners to determine whether (1) the incidence of dislocation differed between the two groups; (2) the incidence of loosening differed between the groups; and (3) the various types of hip diseases influenced dislocation or loosening.
Patients and Methods
We analyzed the incidence of dislocation, the incidence of loosening in patients with cognitive impairment or NMD with and without constrained liners. The cemented UHMWPE retentive cup (constrained liner; Groupe lépine, Genay, France) became available for use in January 1999 in our hospital. Since that time, it has been used consecutively in patients with cognitive impairment or NMD. We compared the first 144 of these patients receiving the constrained PE insert from 1999 to the end of 2004 with the 120 patients operated on immediately before this date (from 1994 to 1998) who received a conventional PE insert. From 1994 to 2004 eight surgeons performed 3124 THAs in the same hospital. Thus, 296 hip arthroplasties (32 bilateral) were performed in 264 patients (8.5% of the total) with cognitive deficits or NMDs. Of the 264 patients undergoing primary hip arthroplasties, 149 of the patients were cognitively impaired patients (Alzheimer's, other forms of dementia, confusion, psychosis); 23 had decreased muscle tone (Down syndrome, poliomyelitis, myelomeningocele); 52 had increased muscle tone (Stage IV or V Parkinson's disease); and 40 had stroke (condition associated with osteoarthritis, osteonecrosis, or neck fracture on the hemiplegic side) ( Table 1 ). All patients experienced pain before surgery and were able to walk with or without crutches.
The group without constrained liners consisted of 120 patients (132 hips; 60 men, 60 women) with an average age of 70 years (range, 21-92 years). The diagnosis was osteoarthritis in 59 hips, osteonecrosis in six hips, and neck fracture in 64 hips. All patients received a cemented arthroplasty (43 hemiarthroplasties for fractures, 89 standard THAs) performed between 1994 and 1998 in the same hospital. Twenty of the 120 patients died before 5-years followup; in addition, 17 of these patients (14%) were lost to followup after 2 years. The records were queried at the time of their most recent followup or before their death. The minimum followup from time of surgery for the living and available patients without a constrained liner was 10 years (mean, 12 years; range, 10-15 years). Surgery was performed with a posterolateral approach and general anesthesia. All stems were manufactured by Ceraver Osteal (Roissy, France); they were made of a smooth finish anodized titanium alloy (TiAl6V4). In all cases, both components were fixed with cement (Palacos 1 G; Heraeus Medical GmbH, Hanau, Germany) containing antibiotics (gentamicin). The conventional acetabular component was a standard PE cup manufactured by Ceraver and was always cemented. The alumina head was 32 mm in diameter and anchored through a Morse taper. Twenty-five of these 132 hips with unconstrained device had an adductor tenotomy.
The constrained liner group consisted of 144 patients (164 hips; 86 men, 58 women) with an average age of 67 years (range, 24-98 years). The diagnosis was osteoarthritis in 67 hips, osteonecrosis in nine hips, and neck fracture in 88 hips. All patients received a cemented THA performed between 1999 and 2004. Thirty patients died before 5-years followup and 25 of the 144 patients (17%) were lost to followup after 2 years. The minimum followup from time of surgery for the living and available patients with a constrained liner was 5 years (mean, 7 years; range, 5-10 years). Surgery in these patients was also performed with a posterolateral approach and general anesthesia. The stems were the same and all cemented. The cemented UHMWPE retentive cup (Groupe Lépine, Genay, France) is a novel design incorporating a mobile ring. The principle of retentiveness requires a more enveloping cup than the hemispheric model ( Fig. 1 ). The flange in the equatorial plane permits insertion of a split PE ring reinforced by a stainless steel hoop. This ring plays the role of a retentive clip. On crossing the equator of the cup, the head opens the ring, which then closes through simple elasticity ( Fig. 2 ). Once the head has crossed the ring, it can fall below the equatorial plane and the clip is closed against the enveloping part of the cup (Fig. 3 ). The internal part of the ring has two surfaces with the chamfered surface precisely fitting over the head sphere. The head can be inserted into the cup without difficulty ( Fig. 4 ); less than 30 N (± 6 N) are required to successfully insert the head; however, dislocation needs 2153 N (± 32 N). The alumina head was 28 mm in diameter and anchored through a Morse taper. The theoretical maximum mobility of the device is 122 degrees. Twenty-eight of these 164 hips with constrained device had an adductor tenotomy. During postoperative rehabilitation, no patient was placed into a hip spica cast to minimize the possibility of hip dislocation. The patients were encouraged to be upright with weight bearing after surgery. Range of motion of the hip and knees was begun immediately and ambulation progressed as tolerated according to the ability of each patient (usually after 48 hours).The physiotherapy was supervised by a medical doctor for three weeks and continued for 45 days.
The followup routine time was at three, six, 12 months and then every year. At each visit, patients had clinical and radiological evaluation. No patients were recalled specifically for this study, the data for which was retrieved from the charts. The function of THA in patients with NMD is not well reflected by the usual hip-rating scores because many of the functional variables are substantially affected by the neurologic disease itself. Therefore the preoperative and postoperative pain was subjectively and retrospectively graded from the charts as severe, moderate, slight, and unknown. The preoperative and postoperative walking status of the patient was graded as unable to walk, able to walk indoors only, able to walk about the community, and able to walk an unlimited distance. All patients, except two with hip infection, subjectively exhibited improved ambulation (they were able to walk about the community, or able to walk an unlimited distance) and decreased pain (no pain or slight pain) after surgery. Plain radiographs (AP and lateral view) were taken to assess migration of the component, wear, and loosening every year until the most recent followup.
We had preoperative and immediate postoperative radiographs in all patients. Radiographs at last followup were available on 83 of the 120 patients with unconstrained implants and 89 of the 144 patients with constrained implants. Three of us (PH, PP, SUB) independently determined osteolysis and loosening [19] on all films. Absence of loosening of the socket was defined as no cup migration exceeding 5 mm, no angular rotation exceeding 5°, and no continuous radiolucent line wider than 2 mm [14] when comparing the immediate postoperative films to those at last followup. Cup position was assessed according to the acetabular position angle [30] .
Qualitative data (ie, gender, preoperative diagnosis, and model of liner) are expressed as counts and percentages within groups and quantitative data by mean ± standard deviation or range. Qualitative data between the two groups Fig. 3 Once the head has crossed the ring, it falls below the equatorial plane. Therefore, in most situations, the cup is not really a constrained liner. Only in movements at risk for dislocation is the ring constrained. were compared with use of the chi-square test or Fisher's exact test, and quantitative data (postoperative acetabular abduction angle) with the Mann-Whitney test. Kaplan-Meier survivorship analysis [21] , with 95% confidence intervals, was used to estimate the cumulative probability of not having a dislocation of the cup and to estimate the cumulative probability of not having cup loosening in the whole series. Differences in survival were determined using the log-rank test. The cumulative risk of dislocation as reported by Berry et al. [5] was estimated using the Kaplan-Meier method [21] . Kaplan-Meier survivorship analysis was performed with revision due to recurrent dislocation or loosening as the endpoint. Univariate relative risk estimates for age, gender, underlying neurologic diagnosis, and underlying hip disease were generated using the Cox proportional-hazards model and were adjusted for correlated data, that is, for two hips in patients who had undergone bilateral arthroplasties or had two neurologic diseases (eg, Parkinson's and dementia).
Results
With a similar (p = 0.24) abduction acetabular angle in the two groups (mean angle 47°± 8°in the standard group versus 49 ± 11°in the constrained group), the incidence of dislocation was reduced by the constrained liner ( Fig. 5 ). With an unconstrained liner, 33 (25%) of the 132 hips were known to have had at least one dislocation. When the data were stratified according to treatment (hemiarthroplasty or THA), we found a similar (p = 0.16) risk of dislocation in patients with a THA versus hemiarthroplasty, and a trend (p = 0.074) toward a higher dislocation rate in patients with a too-vertical cup position when a THA was used. Thirteen first-time dislocations occurred within 60 days after arthroplasty, eight occurred 2 months to 12 months after arthroplasty, and 12 occurred 1 to 10 years after arthroplasty. Twenty patients (23 hips) had recurrent hip dislocation (more than two). Twenty-one hips had revision for this problem. The cumulative risk of dislocation for patients without constrained liner was 10% at 2 months and 16% at 1 year. The risk then rose at a constant rate of approximately 1% every year to 25% at 10 years for the surviving patients who had not had a revision by this followup. In the group of patients with a constrained liner at mean 7-year followup (range, 5-10 years), the incidence of dislocation was lower (p = 0.01) (three dislocations among 164 hips or 2%) than in the patients with a standard cup (33 dislocations among 132 hips or 25%) ( Table 2 ). There was one head dissociation from the stem, and two dislocations without locking ring breakage. All these dislocations without locking ring breakage could be treated with closed reduction [20, 27] , and this was also possible for the case with dissassemblage of the head from the Morse taper. One of these three patients had recurrent dislocation. No other patient had dislocation after 12 months' followup. Two locking ring breakages were also observed but without dislocation and without revision.
The survival rate was similar (p = 0.01) with an unconstrained and constrained implant: 100% at 5 years and 99% at 7 years with revision due to loosening of the constrained cup as the end point, compared with 95% at 5 years and 91% at 7 years in the unconstrained group (Fig. 6 ). In the patients with an unconstrained liner ten hips had revision for loosening of the cup. The abduction angle of the cup had no influence (p = 0.48) on this risk. Among Fig. 5 Kaplan-Meier curves depicting failure as dislocation. The survival rate was lower (p = 0.006, log-rank test) in patients with unconstrained liners. patients with a constrained liner, one had loosening and the patient underwent revision 9 years after the original surgery. At the most recent followup, there was no progressive radiolucent line or osteolytic lesions observed that could be determined radiographically about the acetabular component or proximal femur. The various types of hip diseases influenced dislocation or loosening. Two underlying hip diagnoses (osteonecrosis of the femoral head, acute fracture) were associated with a greater (p = 0.03) risk of dislocation than osteoarthritis in the group without constrained liner: the cumulative risk of dislocation at 10 years was 31% for patients with fracture of the femoral head, compared with 15% for patients with osteoarthritis (p = 0.01); the cumulative risk of dislocation was higher (p = 0.01) for patients who were cognitively impaired and for patients who had neurologic conditions associated with increased muscle tone ( Table 2 ) compared with patients who had neurologic conditions associated with decreased muscle tone. The ten hips with revision of the cup for loosening were observed in patients with Parkinson's disease, cerebral palsy, and stroke.
Discussion
Despite a general suggestion that there is a higher rate of dislocation and recurrent dislocation in patients with NMDs [36, 41] , there is very little literature about the frequency of this problem and about the methods to avoid it. Therefore, we compared patients with cognitive impairment or NMD with and without constrained liners to determine in the two groups the incidence of dislocation, of loosening, and the influence of the various types of hip diseases.
Several limitations must be considered when interpreting the presented data. First, ours was a retrospective study of a nonrandomized patient population. The two different procedures were performed at two different periods of time, although the surgeons were the same and generally used the same approaches and same perioperative treatments except for the liner. Second, the head size used in the different groups was different: hemiarthroplasties with large femoral heads or 32 mm diameter heads in the unconstrained group, and 28 mm diameter heads in the group with constrained liners; however this difference is not really a problem since the 28 mm diameter heads are perhaps a little more prone to dislocation. Third, some patients were lost to followup during this study; other died. It is possible some patients had unknown dislocation treated in another hospital and not related because of the status of cognitively impaired patients. Fourth, the size of our population is small concerning some neurologic diseases. However we did include all patients admitted during a long period and the total number of patients is relatively large despite small subcohorts. Finally, we have only midterm followup on these patients, and shorter followup in those with constrained liners owing to more recent availability of the implants. We cannot say whether the differences in loosening rates will emerge longer term.
We retrospectively reviewed the clinical and radiographic outcomes of 296 consecutive hip arthroplasties performed in patients with cognitive deficits or neurologic diseases during a 10-year period; during the same 10-year period, the total number of hip arthroplasties performed in the same hospital was 3124. The frequency of patients with THAs who have diagnoses of stroke, Parkinson's disease, or confusion and dementia and other neurologic diseases is higher than expected. One report [26] has demonstrated a rate of 10% or more and our data (296 with NMDs among 3124 hips) are consistent with this observation. In our experience as in other reports [10] , the risk of dislocation remains high with conventional liners (Table 3) with the posterolateral or trochanteric approach. We do not know whether the anterolateral operative approaches currently used more commonly by some surgeons would have changed the risk of dislocation. We also do not know whether the high cumulative probability of dislocation reported here would have been the same for these patients if they had received implants with the larger femoral head sizes [3, 9, 22] now in common use; we can only remark the risk of dislocation was not reduced in our experience with hemiarthroplasties when they were used. Although it has become clear there is markedly decreased dislocation when constrained liners are used for the treatment of recurrent dislocation in THA [32] [33] [34] as compared with other solutions [13, 28, 29, 36] , no analysis has been conducted using constrained liners in the prevention of dislocation in patients with NMDs, except (to our knowledge) one case report [6] . Our findings (decrease of the risk of dislocation with a constrained liner in neurologically impaired patients) are supported by this case report in neurologic patients and by those of other large series for other indications. From review of the literature [32] , there is evidence that the constrained liner is successful in providing stability in patients with recurrent dislocation. Our rate of dislocation with the design of this implant was not higher than the rates of dislocation observed for different implants in the literature (Table 4 ). However, the success in achieving stability could have been balanced by the evidence of early loosening of the component in our neurologically impaired patients.
Our finding of nearly an absence of loosening (only one case) at 7 years' followup is lower than that reported in other studies with constrained liners (Table 4 ). However, comparisons of loosening rates between different constrained (cementless or cemented) components [17, 24, 25] should be made cautiously, since patient populations may not be similar. For example, in neurologically impaired patients, a cemented liner is recommended according to their osteoporotic status, and these patients usually have a lower activity level than other patients. Also, the constrained acetabular component was often used as a salvage procedure (recurrent dislocations and revisions) when other options have failed in other series [1, 2, 7, 11] . Our low rate of loosening may also be related to the new design of the implant. Since, once the head has crossed the ring, it falls below the equatorial plane, the clip is no longer constrained and the cup works as conventionally except in extreme movements.
The risk of dislocation varied according to the various types of hip diseases and neurological condition. In our cohort of patients, the incidence of dislocation was 10% in the first 2 months, but the cumulative risk of at least one dislocation was 25% for the subgroup of patients who lived for 10 years. An explanation is that in many patients, particularly cognitively impaired patients or those with increased muscle tone, neurologic function deteriorated over time compared with the status at surgery. We found the risk of dislocation was not the same for all the patients with NMD in the absence of a constrained liner (Table 3) . This is consistent with the other series of the literature (Table 3 ). In patients with an increased tendency to subluxate or dislocate, such as those with cerebral palsy [31] or myelomeningocele [37] , the use of unconstrained liners is associated with a high risk of dislocation. In patients with Parkinson's disease the evaluation of the risk of dislocation with standard liners is different according to the authors: high for Turcotte et al. [35] and not increased for Weber et al. [39] .
The use of constrained liners in primary THA in cognitively impaired patients or in neurologically impaired patients with increased muscle tone reduces the risk postoperative hip dislocation without increased risk of loosening up to mid-term. It should particularly be considered in this select at-risk population when the hip disease is a fracture or an osteonecrosis or when the patient has a hip with an increased tendency to subluxate or dislocate, such as in those with cerebral palsy.
